Ab st r a e t lhis investigation exmines the radiation characteristics of a new bifilar hemispherical helical antenna. Directivity, E-and H-plane radiation panems, axial ratio and input impedance of a few example designs are calculated. It is shown that the bifilar hemispherical helix provides a nearly constant gain over the measured bandwidth of about 14% and generally elliptical polarization with near circular polarization in limited cases.
Introduction
Helices are broadband antennas that provide moderate gain, largely real input impedance and circular polarization when operating in the axial mode regime [I] . A modified form of the helix, the spherical hclix, has been shown to yield similar polarization and gain characteristics over a nmow bandwidth but a much larger beamwidth [2,3]. Also, multiple--(multifilar) helices, such as the quadrifilar helix [4,5], havc been designed to enhance the radiation properties of the standard helix and find application in, for example, the Global Positioning System (GPS) [6] . This paper presents a new design for an antenna which combines some of the above variations: the top-fed bifilar hemispherical helix
Design
The hemispherical helix [7, 8] is a variation of the standard spherical helix that consists simply of the top half of the spherical helix. The hemisphere is placed flush or nearly flush with the ground plane, yielding a smaller, very mechanically stable svucture. For the bifilar version hvo arms, instead of one, are wound symmetrically around the hemisphere as shown in Figure 1 . Each arm has three full hlms. A ground plane with dimensions of approximately one-half wavelength at the minimum frequency of operation is sufficiently large to act as an infinite ground plane, whether it is square or circular [2]. The helix may then be fed by running a straight wire from a coaxial comector at the center of the ground plane to the apex of the sphere; this is the so-called top-fed design.
Simulations
The antenna was simulated using the method of moments software, Numerical Electromagnetics Code 4 (NEC-4). Since it is more convenient to express the results in terms of electrical size than in terms of physical size, the wavelength-normalized spherical circumference is used in place of frequency. An examination of the radiation characteristics of the antenna over a broad range of circumferences revealed interesting Over the relevant circumference range, the antenna showed a very flat maximum gain CUNe around 6 dB with less than 1.5 dB variations and a voltage standing wave ratio (VSWR) less than 4.0. The pattems consistently provided a very pronounced null at bare sight. This null is produced by the currents which, due to the symmetry of the antenna and the top-feed, arc equal in magnitude and 180' out of phase on opposite sides of the structure. This phenomenon occurs independently of the normalized circumference, and therefore the general form of the pattem varies little as long as thc ground plane is electrically large. Over the before mentioned range of interest, the pattems showed some minor variation with circumference and were fairly similar between the E-and H-planes.
The axial ratio varied somewhat significantly and yielded, at some normalized circumferences, near circular polarization.
Construction and Measurement
A prototype model of the antenna was constmcted and measured using the Virginia Tech Antenna Group's indoor mtenna range. VSWR measurements were made using a vector network analyzer in the Virginia Tech Time Domain Laboratory. The prototype was made using a 7.4 sm diameter Styrofoam sphere which was cut in half and wound with 28 gauge steel wire as the conductor. The wire was soldered onto a coaxial connector fastened to a 21.5 cm radius metal pie plate which served as the ground plane. The gain and phase of the antenna were measured over a range of frequencies corresponding to the normalized circumference frequency of interest at intelvals of approximately 0.04 1. The input impedance was measured over a broader range at much smaller intervals.
The measurements agreed reasonably well with the simulated results. The maximum gain of the antenna was measured at about 6.5 dB with less than a 0.7 dB variation. The VSWR was similar to the measured results and was lcss than 4.8 over the entire range of interest. Thc patterns showed the expected conical pattern with a very pronounced null at bore sight. Figure 2 shows a representative pattern. Figure 3 shows the VSWR over a broad range of normalized circumferences. The charactcristics of the antenna, then, show fairly consistent properties including modest gain, reasonably low VSWR and a consistent conical pattern over a bandwidth of about 14%.
Comparison with the Quadrifilar Helix
The top-fed bifilar hemispherical helix yields Some similar propelties to the resonant quadrifilar helical (volute) antenna, which has only fractions of a turn per arm, and to the more general form of the quadrifilar helix which may have many t u n s per arm. The volute has a very small bandwidth of only a few percent, but produces very pure circular polarization over a broad beamwidth. The general quadrifilar helix has a very large bandwidth with elliptical polarization over a conical beam and nearly real input impedance (low VSWR) [ 5 ] . The design presented in this paper appears to act as something of a hybrid of these two variations. It has a moderate bandwidth (about 14%) with elliptical polarization (with near circular polarization in some instances), low VSWR and a conical beam Unlike the quadrifilar helix, however, the bifilar hemispherical helix does not require a phase shifting device, and thus is a simpler, less bulky antenna. 
